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Abstract:  An  organic  analytical  reagent  -  monosodium  salt  of  5-methyl-
(pyridyl-2-azo)  -1,8-aminonaphthol-2,4-disulfonic  acid  (HR,  5MPAANS.S-2.)  was
synthesized and the IR spectrum studied and molar absorption coefficient (ε=3306))
and  the  dissociation  constant  (Kdis=2.95∙10-8 (pK=7.53))  were  determined  and
quantum-chemical  calculations.  Were  carried  out  the  qualitative  reactions  of
5MPAANS.S-2.4 with metall ions: Сu(II), Zn(II), Hg(II), Co(II), Cd(II), TI(III) andu(II), Zn(II), Hg(II), Co(II), Cd(II), TI(III) and
others.  Complexation  of  monosodium  salt  of  5-methyl-(pyridyl-2-azo)-1.8-
aminonaphthol-2.4-disulfonic  acid  (HR,  5MPAANS.S-2.4)  with  zinc(II)  and
copper(II)  ions  has  been investigated  in  aqueous  solutions  by  spectrophotometric
method. The formation of complex compounds of 5MPAANS.S-2.4 with zinc(II) and
copper(II) ions in a ratio 2:1 was established.  The sensitivity of the determination
method of zinc(II) and copper(II) was determined (pHZn=6).50; pHCu=4.0; εZnR=42017,
εCuR=20000;  εHR=3306),  Кeq.ZnR=1.26)∙10-4;  Кеq.CuR=2.73;  ΔλZnR=55 nm,  ΔλCuR=90 nm,
Kdis.НR=2.95∙10-8).  МR2  complex  compound  is  synthesized.  The  selectivity  of
5MPAANS.S-2.4 to  zinc(II)  and copper(II)  ions has been investigated.  Suggested
spectrophotometric  method  of  definition  was  applied  in  the  analysis  of  model
mixtures, industrial alloys based on aluminum and natural water and obtained results
were metrologically evaluated.
Key words: zinc(II),  copper(II),  organic  reagent, sensitivity,  model  mixture,
rainwater, industrial alloys, Omonhon’s spring.
Introduction
The  determination  of  macro-  and  microquantities  of  metal  ions  in  reagents
manufactured by chemical industry, food and medicinal products, alloys, waste water
and air is one of the most important problems facing the analytical services in their
day-to-day work. Especially important the problem of determination of trace amounts
of metals,  ions, having number of unique properties and used in various fields of
science, technology, medicine and agricultureis especially important [1-4].
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The modern development of science, technology and industry has required the
development of new sensitive, selective and affordable methods of determination of
micro quantities of heavy and toxic metals [5].
It is known, that azo compounds play an important role in analytical chemistry
as stable and specific reagents for highly sensitive reactions; they are selective for
ions of various metals, in particular, zinc and copper. Pyridine derivatives are highly
selective  reagents  for  spectrophotometric  determination  of  zinc(II)  and  copper(II)
ions in natural and industrial objects [6)]. In this regard the development of sensitive
and selective spectrophotometric methods for determination zinc(II) and copper(II)
ions at the level of maximum permissible concentrations (MPC) and below is very
actual.
Contamination  of  environment  by  heavy  metals  is  serious  health  [7].  Zinc
deficiency can lead to growth retardation, hair loss, diarrhea, fordamage to the skin,
eyes and loss of appetite [8]. In this regard, the determination of traces of zinc in
environmental  samples  and biological  objects  is  of  increasing  interest  [9].  Direct
determination of  trace metals in aqueous and biological  samples is  often difficult
owing  to  low  concentrations  and  matrix  effects  [10–13]  and  by  this  reason
preliminary concentration is necessary to carried out.
Zinc is one of the most used elements and therefore it’s determination in the
environment is very actual [14]. Zinc ions are widely used in metallurgy, electrical
industry and other fields. Zinc as a biometall which has played an important role in
the processes of blood formation, cell respiration, and metabolism in the human body.
However,  at  a concentration exceeding the MPC it  is  toxic. The MPC of zinc in
drinking water is 1 mg/l, in the waters of cultural and domestic and drinking purposes
- 5 mg/l and fishery - 0.01 mg/l, in the soil - 110 mg/l.
Copper is capable of bioaccumulation and is actively involved in the biological
processes  of  various  organisms  (humans,  animals,  plants).  Clinical  practice  has
indicated that in some cases the origine of human anemia is associated with a lack of
copper in the body, in particular the redox processes of the cell taking second place
after iron-containing enzymes [5].
Determination of copper(II) ions [15] in natural waters is an actual task. The
content of copper(II) ions in natural and drinking fresh waters is 2–30 μg/L and cheir
MPC in natural waters with a salinity don’t exceeds 1 g/l.
The  spectrophotometric  method  is  widely  used  for  determination  the  trace
amounts of zinc and copper. Which can be attributed to elements that do not have
chromophore properties, and therefore most of their compounds are colorless and this
can explain the small number of photometric methods for their determination in the
form of inorganic compounds [5,16)].
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Spectrophotometric  methods  of  determination  zinc  and  copper  have  been
remained one of the most common owing to their relative cheapness of the necessary
equipment  and  a  large  assortment  of  organic  reagents  forming  light-absorbing
compounds with their ions.
The  aim  of  this  work  is  elaboration  of  express  and  highly  sensitive
spectrophotometric  method  of  determination  Zn(II)  and  Cu(II)  in  individual
solutions,  alloys,  natural  waters  and  also  real  objects  at  the  level  of  microtrace
amounts  with  improved  metrological  characteristics  based  on  the  complexation
reaction with reagent 5MPAANS.S-2.4 in aqueous solutions.
Methodology. Photometric,  spectrophometric,  Asmus  straight  line  method
equilibrium shift and spectrophometric titration, Isomolar series method, Tolmachev
method,  Babko  dilution  method,  additives  method  have  been  used  in  this
investigation.
Experimental part
Solutions, reagents and devices. A standard zinc solution with a titre of 1 mg/ml
(1.538∙10-2 M) was prepared by accurately weighed 1,000 g of metallic zinc (grade of
analytical grade), dissolved in diluted hydrochloric acid in a 1000 ml volumetric flask
and made up by distilled water to mark and mixed [17]. 
A  standard  solution  of  copper(II)  with  a  titre  1  mg/ml  (1.573∙10–2 M)  was
prepared by accurately weighed 1.000 g of electrolytic copper which was dissolved in
minimal  amount  (8–10 ml)  of  concentrated  nitric  acid,  and nitrogen oxides  were
removed during mild boiling. After cooling the solution was transferred into a 1000.0
ml volumetric flask, adjusted to the mark with distilled water and stirred. Working
solutions  were  prepared  by  diluting  a  standard  solution.  Metal  solutions  have
possessed a titre by 50, 20 and 10 μg/ml [17].
For preparation a 0.05% (1.086)∙10-3 M) solution of 5MPAANS.S-2.4, 0.1000 g
of its exact weight was dissolved in a 200 ml volumetric flask, added to the mark
with distilled water and stirred [18].
A universal  buffer  solution was prepared by mixing H3BO3,  CH3COOH and
H3PO4(0.04 M each) and adding of 0,2 M NaOH for obtaining the corresponding pH
value [19]. All reagents were qualified by analytical grade. and h.ch. Distilled water
was used in the work.
The optical density (OD) was measured on an SF-46) spectrophotometer and a
KFK-2  and  KFK-3  concentration  photocolorimeters  in  glass  cuvettes  with  layer
thickness 1.0 and 3.0 cm. The pH of the solutions was monitored with a pH meter -
pH mV/-TEMP METER P25 (South Korea) and рН METTLER-TOLEDO AG 86)03
(Made in China, №-B5076)04800).
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Results and discussion
Optimal conditions for the formation of a zinc complex. Zinc ions interact with
the new azo reagent 5MPAANS, S-2.4 in a slightly acidic medium (pHopt=5.9–7.0)
with formation of intensely colored pink compound with an absorption maximum at
56)5 nm (εZnR=42017). For complete binding of 50 μg of zinc in complex, 1.5 ml of
1.086)∙10-3 M solution of 5MPAANS.S-2.4 was sufficient. A complex stable for at
least three hours was quantitatively formed within 0.5–1.0 min at room temperature
at 2-fold excess of reagent. The lower limit of the determined zinc content is 0.175
μg/25 ml. The Bouguer-Lambert-Beer law has been observedatcontent of zinc ions
1.0–18.0 μg in 25 ml (Fig.1). 
The  effect  of  outride  ions  and masking  agents  [22]  on  the  complexation  of
Zn(II) with the reagent 5MPAANS.S-2.4 was studied. To determination of 15 μg of
zinc(II)  ions  of  alkali  metal  ions,  Ba2+,  Mg2+,  Al3+,  Cl-,  Br-,  F-,  J-,  NO3-,  S2O32-,
CH3COO-, PO43, Cr2O72-, C2O42-, ClO4- (1:1000); thiourea, NO2-, SO42-  (1:100); Pb2+,
Sn2+, SiO32- (1:10); Cu2+ (1: 7.5), Bi3+, Cr3+(1:5), Mn2+, Co2+, Hg2+, Ti4+, CN-(1:1) don’t
prevented. The ions Ni2+, Citrate (1:5), Cd2+, Fe2+, Сu(II), Zn(II), Hg(II), Co(II), Cd(II), TI(III) andSN- (1:0,5), TI3+, EDTA and OH-
(1:0.1)  prevented.  At  comparationof  selectivity  of  the  reagents  known  from  the
literature [23] for the determination of zinc(II), it was revealed that the synthesized
reagent is more selective.
Effect  of  reagent  concentration for a copper(II)  complex. For  finding of  the
minimum required amount of 5MPAANS.S-2.4, to solution of Cu(II) 5.0 ml universal
buffer solution with pH=4.0, containing 5.0 μg of copper(II) and increasing amounts
а0.05% solution of 5MPAANS.S-2.4 was added to certain amounts of Cu(II) solution
was diluted with distilled water to 25 ml, mixed and their OD was measured on a
KFK-2  photocolorimeter  with  light  filter  № 7  in  a  cuvette=3.0  cm relative  to  a
dummy test. Obtained results have showed that the complete constancy of OD has
been observed in the presence of 0.8-0.9 ml of 0.05% solution of 5MPAANS.S-2.4.
This amount of reagent is considered sufficient for connection in complex of added
amounts of metal ions [22]. The complexes have form ed quickly and they are stable
for at least 24 hours [5].
The area of  submission to the Bouguer-Lambert-Beer law for the copper(II)
complex. To aliquot part of solution containing the amount of copper(II) in the range
of  calibration  curve,  0.9  ml  of  a  0.05% solution  of  5MPAANS.S-2.4;  5.0  ml  of
universal buffer solution with a pH of 4.0 and solution was deluded with water to 25
ml,  stirred  and mixture  was  stirred  and then OD of  the  solution  of  the  complex
compound relative to the solution of blank experiment have been measured; it’s exact
amount by equation of straight line has been calculation. The Bouguer-Lambert-Beer
law was observed in the concentration range 0.50-6).50 μg Cu in 25ml (Fig. 1).
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Figure 1. Submission to the law of Bouguer-Lambert-Bera complex of
copper(II) and zinc(II) with the reagent 5MPAANS.S-2.4
Figure 2. Determination of molar ratios by the equilibrium shift method
Absorption  spectra  of  the  reagent  (HR)  and  it’s  complexes  with  Zn(II)  and
Cu(II). The  electronic  light  absorption  spectra  of  the  reagent  solutions  and  its
complexes were recorded. The obtained data are presented in table 1 and on fig. 3.
(SF-46), ℓ=1.0cm).
Table 1: The base characteristics of the spectrophotometric method of 














Zn2+ Pink 56)5 510 55 42017 1.26)10-4 0.0042
Cu2+ Blue 595 505 90 20000 2.73 0.0025
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Figure 3. Absorption spectrums of the reagent
5MPAANS.S-2.4 (HR) and it’s complexes with zinc(II)
(ZnR) and copper(II) (CuR)
Determination  of  the  composition  of  the  complex  Zn-5MPAANS.S-2.4. The
stoichiometry of the zinc complex with the reagent was studied by the methods of
Ostromyslensky-Zhob  (method  of  isomolar  series)  [20]  (Fig.  4)  and  the  Asmus
straight  line [20].  At  determination the composition  of  the zinc(II)  complex with
5MPAANS.S-2.4  by  methods  of  Ostromyslensky-Zhob  [20],  equimolar
concentrations of  zinc(II)  and reagent solutions (Сu(II), Zn(II), Hg(II), Co(II), Cd(II), TI(III) andZn2+=CHR=1.53∙10-4 M) has been
used.
Method  of  determination:  methods  of  isomolar  series: in  25  ml  volumetric
flasks, solutions of complexe were prepared with addition 1.0- to 9.0 ml of a solution
of  0.05% 5MPAANS.S-2.4  and zinc(II)90-10mlsolution,  5  ml  of  universal  buffer
solution with pH of 6).50 and the volumes of the flasks were adjusted to the mark by
distilled water. The prepared solutions were mixed and walmes of OD were measured
on KFK-3, ℓ= 3.0 cm. As comparison solution a blank test solution was used (Fig. 4).
Figure 4. Determination of molar ratios
by the method of isomolar series
Figure 5. Determination of molar ratios
by  the  method  of  spectrophotometric
titration
Method of determination by the Asmus straight line: in 25-ml volumetric flasks,
solutions of the complex were prepared with addition of constant amount of zinc(II)
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by 50.0 μg each; 5 ml of universal buffer solution with pH=6).50, variable amount of
reagent and volumes of flasks were adjusted by distilled water to mark. The solutions
were mixed and the OD have been measured on KFK-3, ℓ=3.0 cm. As a comparison
solution, solutions of (Fig.6) (1)) test were used. The the obtained date have shown
that in investigated concentrations zinc(II) interacts with the reagent 5MPAANS.S-
2.4in ratio  1:2,  which has indicated on the formation of  complex of  composition
ZnR2.
Figure 6). Determination of the molar ratio of zinc (II) (1) and copper (II) (2)
complexes with 5MPAANS, S-2.4 by method Asmus right line 
Determination  of  the  composition  of  the  complex  Cu-5MPAANS,  S-2.4. For
determination of the molar ratio of complex obtained at interaction of copper(II) with
the reagent 5MPAANS.S-2.4, the Asmus straight line  (Fig. 6) (2)) [5], equilibrium
shift  (Fig.  2)  and  spectrophotometric  titration  (Fig.5) have  been  used  [5].  At
determination the composition of the copper(II) complex with 5MPAANS.S-2.4 by
the  equilibrium  shift  method  equimolar  concentrations  of  copper(II)  and  reagent
solutions (Сu(II), Zn(II), Hg(II), Co(II), Cd(II), TI(III) andCu2+=CHR=3.147∙10-4 M) were used.
The procedure of determination: in complex flasks with a capacity of 25 ml
solutions of the complex have been prepared with the addition of 5.0 ml of universal
buffer solution with pH 4.0; constant amount of copper(II) - 1.0 ml of 3.147∙10 -4 M; a
variable  amount  of  reagent  (1.0-4.0  ml)  and  the  volumes  of  the  solutions  were
adjusted to the mark with distilled water. The solutions prepared in this way were
mixed  and  the  OD  was  measured  on  KFK-3,  ℓ=3.0  cm.  A  solution  of  blank
experiment was used as a comparison solution.
The data have obtained shown that in the studied concentrations, copper(II) has
interacted with 5MPAANS.S-2.4in ratio 1:2, what has indicated on formation of a
complex of composition CuR2. In this case one proton is released from the reagent
molecule and chelate cycle is formed mainly through the atoms of the oxygen-OH
group, nitrogen of the pyridine ring and-N=N group.
For determination the charge of the complex it’s solution was passed through
columns containing cationits KU-2, KRS-10 and anionits AB-16)-GS, AN-2FN.
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Method for determination of zinc(II) complex: a) 1.0 g of cationite KU-2 (KRS-
10) was transferred to column with a 1.0 cm diameter and was treated 3 times with 10
ml of 0.1 N hydrochloric acid and was washed with 50 ml of distilled water. Then in
optimal conditions 1.5 ml of a 0.05% reagent solution, 1.0 ml (50 μg/ml) of Zn(II)
solution,  5  ml  of  universal  buffer  solution  were  poured  into  volumetric  flask  by
volume 25 ml and adjusted to the mark with distilled water. 10 ml of the complex
solution was passed through cationitKU-2 (KRS-10). The solution of the complex
having a red color was not retained on cationiteKU-2.
b)  1.0  g  of  anionit  AB-16)-GS (AN-2FN)  was  transferred  to  a  column with
diameter 1.0 cm and was treated 3 times with 10 ml of 0.1 N NaOH solution and the
column was washed by 50 ml of distilled water, then 10 ml of complex solution was
passed. In this case the complex was retained on the upper layers of anionite. The
solution  passed through the  anionite  has  discolored.  What  has  witnessed  that  the
complex  has  a  negative  charge.  This  can  be  explained  that  the  sulfone  groups
presented in the reagent (5MPAAS.S-2.4) at the optimum pH (pHZn=6).50) are in a
dissociated state and owing to steric factor, don’t participate in complexation; in the
case of anioniteAN-2FN, similar results. On the base of data by determination the
charge and composition the expected structure of the complex can be represented as
follows: 2[HR]2-+Zn2+=[ZnR2]2-+2H+.
Method for determination of copper(II) complex: To determine the charge sign
of  the  complex  [20],  it’s  solution  was  passed  through  columns  containing
cationiteKU-2, KRS-10 (the blue solution of the complex was not retained) and the
anionites  AV-16)GS,  AN-2FN  (the  solution  of  the  complex  passing  through  the
anionite  has  discolored),  what  can  be  explained that  the  complex  has  a  negative
charge. This is explained that sulfo groups presenting in the reagent (5MPAANS.S-
2.4) are in a dissociated state and owing to the steric factor do not participate in
complexation. On the base of data by determination of charge and composition the
expected  structure  of  the  complex  can  be  represented  as  follows:  2[HR]2-
Сu(II), Zn(II), Hg(II), Co(II), Cd(II), TI(III) andu2+[Сu(II), Zn(II), Hg(II), Co(II), Cd(II), TI(III) anduR2]2-2H+.
The molar coefficient of light absorption and the equilibrium constant of the
complexes and the reagent were determined by the Tolmachev and Komar method
[20].  The  average  values  of  the  stability  constants  of  zinc(II)  and  copper(II)
complexes were calculated by the Babko dilution method [20] and they were equaled
17.47 and 21.16), respectively. The obtained data are presented in table 1.
The results  of  quantum-chemical  calculations of  the effective  charges of  the
upper occupied atoms of the 5MPAANS.S-2.4 molecule by the MNDO method have
shown that probably the donor-acceptor bonds of zinc(II)and copper(II) occur with
nitrogen atoms of the pyridine ring and a diazogroup closed to it and the ionic bond
with the hydroxyl of the naphthol ring due to substitution with a hydrogen ion [25].
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The structure  of  the  obtained zinc  complex  with  5MPAANS.S-2.4  has  been
proved by IR spectroscopy. The IR spectrum was recorded on an Avator-300 device
using a KBr tablet in the frequency range 400-4000 cm-1. According to published data
[28], the following characteristic frequencies have been found in the IR spectrum of
the reagent: 286)8, 2942 cm-1 symmetric and asymmetric stretching vibrations of the
methyl group (-CH3), 3258 cm-1 stretching vibrations of the hydroxyl group, 1542 cm-
1 -valent vibration Сu(II), Zn(II), Hg(II), Co(II), Cd(II), TI(III) and=Сu(II), Zn(II), Hg(II), Co(II), Cd(II), TI(III) and of aromatic ring, 16)54 cm-1 stretching vibration of diazogroup
(-N=N-), 1077, 1191 cm-1-symmetric and asymmetric stretching vibrations of sulfo
group  (-SO32-),  6)73  cm-1 stretching  vibration  -SO  groups,  1497  cm-1-deformation
vibrations and 3443 cm-1 stretching vibrations of the amino group (-NH2), 792 cm-1-
deformation vibrations C-H oscillation of the naphthalene ring.
In the IR spectrum of the complex compound, the main changes occur in the
region of stretching vibrations of the hydroxyl group, since, in contrast to the reagent,
the observed broadened band in the IR spectrum of the complexes narrows in the
region of 535 cm-1(O-Zn) and 516) cm-1(O-Cu), which is associated with the formation
of a valence bond between the metal ion and the hydroxyl group due to displacement
of a hydrogen ion. In addition, the frequency of stretching vibrations of the diazo
group at  16)54 cm-1 changes  very significantly,  at  16)79 cm-1,  which indicates  the
formation of a coordination bond with the participation of the diazo group [28].
According to IR spectroscopy, quantum chemical calculations and the results of
studying molar ratios of metal: reagent (1:2) of the inverse complexe compounds of
zinc(II)and copper(II) with reagent 5MPAANS.S-2.4, the following assumption about
their structures has been proposed (Fig. 7):
Figure 7. The expected structure of
the zinc(II) and copper(II) complexes
with reagent 5MPAANS.S-2.4
Figure 8. Calibration schedule for the
determination of copper(II)-(1) and
zinc(II)-(2) reagent 5MPAANS.S-2.4
To  assess  the  correctness  and  reproducibility  of  the  spectrophotometric
determination of copper ions with the reagent 5MPAANS.S–2.4, its various amounts
under optimal conditions at three repetitions. Have been determined the experimental
results have shown that the relative standard deviation at determination of 1.0-6).5 μg
of copper(II) does not exceed 0.0420. The equation of the grading plot was calculated
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by the least square method [20], while Yi=a+bxi; a=0.0036) and b=0.045; Based on
the calculated data, a calibration graph was constructed for the dependence of Ycalc.
(Yi) on CCu, μg (Xi) (Fig. 8).
The equation of  the calibration graph was calculated by method of the least
squares, at this Yi=a+bxi; a=0.0054 and b=0.0171; on the base of calculated data a
calibration graph was constructed for the dependence of Ycalc. (Yi) on Сu(II), Zn(II), Hg(II), Co(II), Cd(II), TI(III) andZn, μg (Xi)
(Fig. 8) [20].
The effect of various foreign ions on the spectrophotometric determination of
Cu(II) with 5MPAANS.S-2.4by a similar method was studied, except that they were
introduced before the 5MPAANS.S-2.4solution. The experimental data are presented







–maximum permissible mass excess. The relative error in
determination ±5%. In the following ratios, to determination of 6).0 μg of copper (II)
in a 25 ml volume does not interfered: silk metal ions, CIO4-, S2-, F-, Br-, (1:1000);
Mg2+, CH3COO-, PO43- (1:500); AI3+, Ba2+, NH4+, Ca2+, As3+, Mn2+, CI-, SO42-, NO3-
(1:100); Cr2O72-, SiO32-, (1:6)0); NO2- (1:50); Zn2+ (1:18), Pb2+, Zr4+, Ni2+, Mo6)+, TI3+,
thiourea (1:7.5); Sn2+ (1:4); C2O42-(1:2); Ti4+, S2O32-, J-, (1:1). Ions of Bi3+, Co2+, Fe2+
(1:1) Cd2+, H2C6)H5O7-(1:0.5) interfere and etc. [15,29,30]. Interfering the influence of
the above ions (cations) can be eliminated by introducing the corresponding masking
ions into the analyzed mixture or by extraction separation. Under the conditions of
determination of copper(II) by 5MPAANS.S-2.4, many ions at lower concentrations
do not affect in acidic media.
The main results and their discussion
The selectivity data make it possible to apply the developed technique for the
spectrophotometric determination of zinc(II) and copper(II)ions in complex objects.
Determination of zinc(II) by 5MPAANS.S-2.4in model mixtures. The elaborated
procedure for the determination of zinc ions(II) by 5MPAANS.S-2.4 was used in the
analysis  of  artificial  mixtures  with  the  addition  of  masking  substances.  The
measurement results and their metrological data are presented in table. 2.
Table 2: The results of the determination of zinc(II) in an artificial mixture




























9.92NO2-, CI- (6)00) 
Determination of  copper(II)  ions by 5MPAANS.S-2.4 in model mixtures.  The
elaborated  of  copper(II)  ions  determination  5MPAANS.S-2.4  was  used  in  the
analysis  of  artificial  mixtures  with  the  addition  of  masking  substances  (F-1:150,
CH3COO-1:100). The measurement results and their metrological data are presented
in table 3, which have shown that the spectrophotometric determination of copper(II)
ions  in  complex  model  mixtures  imitated  real  objects  is  quite  possible,  and  the
relative  standard  deviation  does  not  exceed  0.02,  what  has  indicated  on  good
accuracy and reproducibility of elaborated method [5, 22].
Table 3: The results of the determination of copper (II) ions in some artificial






























Determination  of  zinc(II)  and  copper(II)  ions  in  industrial  samples. The
elaborated  sensitive  and  selective  spectrophotometric  method  for  determination
zinc(II) and copper(II) ions with reagent 5MPAANS.S-2.4 was applied to analysis of
standard samples of industrial alloys. Samples: AK12MK 203-1, AK12MK 203-5,
M123-1 and M99-5, having polymetallic and elemental compositions have been used
[6), 29, 30].
Method of preparing samples to analysis: a sample of alloy 0.1000 g (0.050 g
for M123-1 and M99-5) was dissolved in a heat-resistant glass with capacity 50.0 ml,
a minimal volume (8.0-10.0 ml) of the tsar  vodka was added, heated with gentle
boiling on an electric stove until completely dissolution and nitrogen oxides were
removed.  After  cooling  the  solution  was  quantitatively  transferred  in  1000  ml
volumetric flask (2000 ml for M123-1 and M99-5) was diluted with distilled water to
the mark [20]  and was stirred.  The contents  of  zinc(II)  and copper(II)  ions were
determined from an aliquot of this solution.
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Method of determination of zinc(II) ions: a certain amount of sample solution
was placed in a 25 ml volumetric flask; 5 ml of universal buffer solution with a pH of
6).5; 1.5 ml of 1.086)∙10-3 M solution of 5MPAANS.S-2.4; masking agents (F-, S2O32-,
CH3COO-)  in  calculated  concentrations for  masking ions [22]  of  aluminum, lead,
iron, copper have been added and the volume was adjusted to the mark with distilled
water.  OD have  been  measured  on  KFK-3,  atℓ=3.0  cm relative  by  to  the  blank
solution. The obtained data and their mathematical processing are presented in table.
4.













S Sr iХ ±x
А-203-1,
0.2
0.106) 6).0 5.88 0.185 0.0314 5.88±0.23
0.209 12.0 11.91 0.226) 0.0190 11.91±0.28
0.312 18.0 17.93 0.16)6) 0.0093 17.93±0.21
А-203-5,
1.0
0.090 5.0 4.95 0.185 0.0374 4.95±0.23
0.179 10.0 10.15 0.154 0.0154 10.15±0.19
0.258 15.0 14.77 0.26)2 0.0177 14.77±0.33
Method  for  determination  of  copper(II)  ions: a  certain  amount  of  sample
solution was placed in a 25 ml volumetric flask; 5.0 ml universal buffer solution with
pH 4.0; 0.9 ml of 1.086)∙10-3 M solution of 5MPAANS.S-2.4 were added; masking
agents  (F-1:300,  CH3COO-1:500)  in  the  calculated  concentrations  for  masking
aluminum, lead, iron ions were introduced and the volume of flask was adjusted to
the mark with distilled water. OD were measured on KFK-3, at ℓ=3.0 cm relatively to
the blank solution. The obtained data and their mathematical processing are presented
in table.5.
Thus, the developed spectrophotometric method for the determination of zinc(II)
and  copper(II)  ions  by  azoreagent  5MPAANS.S-2.4is  characterized  by  high
sensitivity, selectivity and reproducibility with a relative standard deviation (Sr) not
exceeding 0.043 [6), 29].
Table 5: Spectrophotometric determination of copper(II) ions in standard samples of
















А-203-1, 0.154 3.30 3.34 4.53 1.35 3.34±0.11
0.231 4.95 5.05 4.06) 0.80 5.05±0.10
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3.3
0.279 5.94 6).12 7.14 1.17 6).12±0.18
А-203-5,
1.5
0.134 3.00 2.90 7.52 2.6)0 2.90±0.19
0.202 4.50 4.41 4.53 1.03 4.41±0.11
0.278 6).00 6).09 8.70 1.43 6).09±0.22
М 123-1,
81.96)4
0.098 2.05 2.10 4.53 2.15 2.100.11
0.183 4.10 3.98 5.20 1.31 3.980.13
0.280 6).15 6).14 4.53 0.74 6).140.11
М 99-5,
82.14
0.098 2.05 2.10 9.00 4.28 2.100.22
0.192 4.11 4.19 5.52 1.32 4.190.14
0.280 6).16) 6).14 4.53 0.74 6).140.11
Determination of zinc(II) and copper(II) in the composition of natural waters by
method of  the  additives. At photometric  and  spectrophotometric  determination  of
concentrations of the studied metal in the sample method known in as “Method of
additives” literature and widely used in the practice of chemical analysis has been
used which requires the observance of the basic law of light absorption [20]. Based
on the studies to optimize direct spectrophotometric conditions for the determination
of  zinc(II)  and  copper(II)  in  real  objects  and  to  obtain  optimal  estimates  of  the
selectivity  of  its  determination  in  individual  and  complex  mixtures,  an  express
spectrophotometric method for analyzing natural waters to determine the content of
zinc and copper ions was elaborated. Water samples were taken for analysis from the
Omonkhon  spring  (Surkhandarya  region,  Omonkhon  village)  were  a  complex
systems containing in addition to mineral macrocomponents also cations of various
heavy metals.
Composition  of  natural  waters: elemental  composition (mg/l):  Al-0.007;  As-
0.0013;  Sr-6).6);  Mo-0.0016);  Mn-0.0005;  Cu-0.004;  Zn-0.008;  Ni-0.006)9;  Hg-
0.00006);  mineral  composition  (mEq/l):  K-11.99;  Na-11.99;  Ca-8.0;  Mg-11.39;
HCO3--6).59; SO42--23.19; Cl--1.9. A sample of 1.0 L taken from the Omonkhon spring
was placed in a heat-resistant glass with capacity 1000 ml, 10-12 ml of a 1.0 N HNO3
solution were added, heated in a sand bath and evaporated to formation wet salts. The
precipitate  was  dissolved in  10 ml  of  distilled  water  and was filtered  in  glass  to
volume 50 ml. 
Method  for  determination  of  zinc  ions  in  natural  waters. The  solution  was
quantitatively transferred into a flask with volume of 25 ml, various amounts (1.0-7.0
μg) of standard zinc(II) solutions (10.0 μg/ml), 5 ml of universal buffer solution with
pH 6).50, 1 were added; 5 ml of 1.086)∙10-3 M solution of 5MPAANS.S-2.4 was also
introduced  and  the  volume  was  adjusted  to  the  mark  with  distilled  water  with
following stirring. In order to improve the selectivity of the method, the following
masking agents were added: 4.0 ml F- and 1 ml S2O32- [20] (10 μg/ml) in calculated
concentrations for the binding of aluminum, manganese, copper and arsenic ions. The
OD was measured on KFK-3, at ℓ = 3.0 cm relative to a blank test solution. The
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obtained  experimental  results  by  determination  of  Zn(II)  in  the  composition  of
samples from the Omonkhon spring and their mathematical processing are presented
in table 6) [1-4].
Table 6): The results of determination the microconcentration of Zn (II) with
5MPAANS.S-2.4 in the Omonkhon spring water by “method of additive” (Vwater=1.0






























































































Method for determination of copper(II) ion in natural waters. The solution was
quantitatively transferred to a flask with both volumes of 25 ml; various amounts
(0.5-2.0 μg) of standard solutions of copper(II) were added; 5.0 ml universal buffer
solution with a pH of 4.0; 0.9 ml of 1.086)∙10-3 M solution of 5MPAANS.S-2.4; the
volume was adjusted to the mark with distilled water and mixed.In order to improve
the selectivity of the method, 8.0 ml of F- and 2.0 ml of OH- (10 μg/ml) were added in
the  calculated  concentrations  for  the  binding  of  aluminum,  manganese,  zinc  and
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arsenic ions. Measured OD on KFK-3, at ℓ = 3.0 cm relative to the blank solution.
The results obtained and their mathematical processing are presented in table 7.
Table 7: The results of determination of the Cu(II) content in the Omonkhon spring


























































Determination of zinc (II) 5MPAANS.S-2.4in rainwater. With aim of establish
the possibility of determination zinc(II) in rainwater the method “introduced – found”
has been used. Rainwater with a known composition of minerals was obtained from
the surface water laboratory of the Institute of Hydrometeorology. 
The composition and content of minerals are presented in table. 8.
Determination method: in 200 ml of rainwater 1.0 ml of a standard solution of
zinc(II)  (10 μg/ml)  was  introduced and system was evaporated to wet  salts;  then
dissolved in 10 ml of distilled water and quantitatively has transferred to a 25 ml
volumetric flask,  5,0 ml of universal buffer solution with pH=6).50 and 1.5 ml of
1.086)∙10-3 M  solution  of  5MPAANS.S-2.4,  have  been  added;  the  volume  was
adjusted to the mark with distilled water and was stirred. OD have been measured on
KFK-3 at ℓ= 3.0 cm relatively to the blank solution.
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The results of the analysis of artificial mixtures (Tables 2,3), standard samples
of industrial aluminum and copper alloys (Tables4,5), natural waters (Tables6),7) and
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rainwater (Table 8) have shown that the elaborated spectrophotometric method of
determination Zn(II) and Cu(II) by 5MPAANS.S-2.4 in the optimal conditions has
been characterized by correctness, reproducibility, selectivity and low limits of the
determined concentrations and a relative standard deviation didn’t exceede 0.043 in
all cases what is consistented with literatures data. It was shown that in all cases the
determination error does not go beyond the confidence interval, what has indicated on
rightness  and  reproducibility  of  the  elaborated  spectrophotometric  method  of
determination of zinc(II) and copper(II) with reagent 5MPAANS.S-2.4.
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